In this paper, the absolute stability problem of a multiple delay general Lurie control system with multiple non-linearities is considered. Necessary and sufficient conditions are obtained for the existence of the Lyapunov functional of extended Lurie form with negative definite derivative. From those conditions, a very general algebraic criterion for absolute stability is obtained, which extends the previous results. A concise example illustrates the effectiveness of the present results.
INTRODUCTION
The theory of absolute stability occupies an important place among exact mathematical methods being used in the design and analysis of control systems. To date, the number of works on the absolute stability exceeds hundreds of books and papers; the absolute stability of a control system with multiple non-linearities was extensively studied. Some algebraic criteria and frequency criteria were obtained by means of the 1 
Ž
. w x Lyapunov function with V -0 i.e., negative definite derivative 4, 5 . Some necessary and sufficient conditions for existence of the Lyapunov function with a quadratic form plus an integral form with V -0 were w x w x obtained by Zhao 7 . The results of 7 not only overcame the difficulty of checking the Popov frequency criterion for absolute stability of the control w x system with multiple non-linearities, but also the stability region of 7 was w x w x w x larger than those of 1, 3, 5 . Xiong 6 generalized the results of 7 to a time lag control system with multiple non-linearities. However, the books and papers about the Lyapunov function for a general Lurie system are w x few 2, 5 . The absolute Lyapunov function candidates were studied by w x Narendra and Taylor 5 . Some necessary and sufficient conditions for w x existence of a G-type Lyapunov function were obtained by Grujic 2 . But, the verification of the criteria is very difficult.
However, so far, we have never seen a necessary and sufficient condition for the existence of the Lyapunov functional of Lurie form for multiplė delay general Lurie systems with V -0. In this paper, by the methods of w x Zhao 7 , we shall investigate the absolute stability of multiple delay general Luire control systems with multiple non-linearities, and some necessary and sufficient conditions for the existence of Lyapunov functional of extended Lurie form with V -0 will be obtained, which contain w x the results of 6, 7 , as a particular case, when D s 0 or E s 0. From those conditions, a very general algebraic criterion for absolute stability is obtained.
Consider the multiple delay general Lurie control system with multiple non-linearities
For system 1.1 , we assume that there exist n = n positive definite matrices P and N such that the matrix
u , and 0 s x t , y s x t y , 0 s x t , Taking the Lyapunov functional of extended Lurie form,
Ž . Calculating the derivative of V along the solutions of system 1.1 , we obtain
Ž . Ž . DEFINITION 1. The functional V of 1.4 is said to be a Lyapunov Ž . functional of system 1.1 with negative definite derivative, that is,
Ž .
Ž . DEFINITION 2. The system 1.1 is said to be absolutely stable, if for any Ž . Ž . Ž . f и g F F and ) 0 i s 1, 2, . . . , m , the system 1.1 is globally asymp- 
and any f g Ž1.1. i There exist n = n positi¨e definite matrices P and N such that
is a 2 n = 2 n positi¨e definite matrix. where
Ž . Ž . Ž .
Thus, we have 
Ž . 2 If ) 0, we are going to prove that det R K F 0 as follows; if
We consider the linear delay system
Ž . where B s b , b , . . . , b and b is the ith column of B, i s 1, 2, . . . , m. Ž . Take the Lyapunov functional of system 3.3 as
We denote 0 Ž .
2 n 0 Ž .
Then we have
is positive definite and infinitely large with respect
Ž . to variables and f , the zero solution of 3.3 is asymptotically stable, 1 which is a contradiction with the determinant of the coefficient of system Ž . 3.3 being zero. This proves Lemma 3. Ž . Case 1, we can study the absolute stability of time lag control system ଙ . Thus, we also obtain the conclusion of Theorem 1.
Therefore, the proof of Theorem 1 is complete.
To prove Theorem 2, we introduce the following lemma. 
Ž .
i There exist n = n positi¨e definite matrices P and N such that
is positi¨e definite.
ii There exists a number ) 0 such that Proof of Theorem 2. From Lemma 4, we know that Theorem 2 holds for m s 1. Suppose that it holds for m s r. We are going to show that it holds for m s r q 1.
In fact, it is not difficult to show that the necessary and sufficient Ž . Ž . Ž . Ž . Proof of Theorem 3. From Theorem 2 and the functional V of 1.4 being a positive definite infinite-large function, we can easily prove Theorem 3.
EXAMPLE
Consider the 2-dimension delay general Lurie control system with 2 non-linearities ¡x t s y2 x t y x t y y f t Ž .
Ž . w x extends the results of 6, 7 . A concise example illustrates the effectiveness of the present results. Similar to the previous results, it is necessary to indicate that we can study the stabilizability and robust absolute stability for general Lurie systems by means of the methods of this paper. w x Moreover, in view of the results of 8, 9 , we can obtain a frequency Ž . domain criterion of absolute stability for system 1.1 , which is a sufficient condition. We will introduce it in another paper.
